Highly active antiretroviral therapy (HAART) is often associated with endothelial dysfunction and cardiovascular complications. In this study, we determined whether HIV non-nucleoside reverse transcriptase inhibitor efavirenz (EFV) could increase endothelial permeability. Human coronary artery endothelial cells (HCAECs) were treated with EFV (1, 5 and 10 µg/ml) and endothelial permeability was determined by a transwell system with a fluorescence-labeled dextran tracer. HCAECs treated with EFV showed a significant increase of endothelial permeability in a concentration-dependent manner. With real time PCR analysis, EFV significantly reduced the mRNA levels of tight junction proteins claudin-1, occludin, zonula occluden-1 and junctional adhesion molecule-1 compared with controls (P < 0.05). Protein levels of these tight junction molecules were also reduced substantially in the EFV-treated cells by western blot and flow cytometry analyses. In addition, EFV also increased superoxide anion production with dihydroethidium and cellular glutathione assays, while it decreased mitochondrial membrane potential with JC-staining. Antioxidants (ginkgolide B and MnTBAP) effectively blocked EFV-induced endothelial permeability and mitochondrial dysfunction. Furthermore, EFV increased the phosphorylation of MAPK JNK and IκBα, thereby increasing NFκB translocation to the nucleus. Chemical JNK inhibitor and dominant negative mutant JNK and IkBa adenoviruses effectively blocked the effects of EFV on HCAECs. Thus, EFV increases endothelial permeability which may be due to the decrease of tight junction proteins and the increase of superoxide anion. JNK and NFκB activation may be directly involved in the signal transduction pathway of EFV action in HCAECs.
Introduction
Highly active antiretroviral therapy (HAART) is the combination of several antiretroviral drugs used to control HIV infection [1] . So far, this treatment offers the best chance of preventing HIV from multiplying. The goal of antiretroviral therapy is to reduce the viral load to a level that can no longer be detected with current blood tests. These antiretroviral drugs include nucleoside reverse transcriptase inhibitors (NRTIs) such as zidovudine; nonnucleoside reverse transcriptase inhibitors (NNRTIs) such as efavirenz (EFV); protease inhibitors (PIs) such as ritonavir; and fusion inhibitors such as enfuvirtide.
Although HAART therapy has significantly improved the prognosis of HIV-1-infected patients, it is associated with side effects such as diabetes, atherosclerosis, and cardiovascular complications [2] [3] [4] . Long term exposure to HAART results in endothelial oxidative stress and activation of mononuclear cell recruitment, an early event in atherosclerosis. HAART drug combinations, consisting of zidovudine, EFV, and either of the indinavir or nelfinavir increased reactive oxygen species (ROS) formation in human aortic endothelial cells (HAECs).
EFV is one of NNRTIs, and used with other HAART drugs to treat HIV infection in patients with or without acquired immunodeficiency syndrome (AIDS). Both NRTIs and NNRTIs inhibit the same target, the reverse transcriptase enzyme, an essential viral enzyme which transcribes viral RNA into DNA. Unlike NRTIs, which bind at the enzyme's active site, NNRTIs bind within the NNRTI pocket of the enzyme. Clinical studies have indicated that exposure to HAART including EFV is associated with increased fasting low-density lipoprotein cholesterol (LDL-c) levels, which is a well known risk factor for cardiovascular disease [5, 6] . EFV has been shown to increase plasma F2 isoprostane concentrations, which indicate oxidative stress [7] . However, it is not clear whether EFV could affect endothelial functions.
Endothelial barrier function is established and maintained mainly by endothelium-endothelium junctional structures such as adherens junctions and tight junctions including claudins, occludins, zona occludens-1 (ZO-1), junctional adhesion molecule-1 (JAM-1) and VEcadherin. Increased vascular permeability is a common feature in many pathophysiological conditions such as obstruction of pulmonary airways [8] , circulatory collapse in sepsis, cancer growth and metastatic spread, and many inflammatory conditions [9] . Increased vascular permeability is also associated with the development of atherosclerosis [10] . Several inflammation cytokines such as tumor necrosis factor-alpha (TNF-α) can significantly induce endothelial permeability [11] .
In the current study, we determined whether EFV could affect endothelial monolayer permeability. Human coronary artery endothelial cells (HCAECs) were treated with EFV, and endothelial monolayer permeability was investigated. In addition, potential molecular mechanisms, including role of endothelial junction molecules, oxidative damage, change of mitochondrial membrane potential, and signal transduction molecules mitogen-activated protein kinases (MAPKs) and transcriptional factor NFκB were studied. This study provides us a better understanding of the molecular mechanism of HAART-associated vascular complications and the possibility using new strategies to combat the HAART-associated side effects.
Materials and Methods
Detail methods are provided in online supplemental materials.
Endothelial permeability
Pure EFV was obtained from AIDS Research and Reference Reagent Program, Division of AIDS, NIAID, NIH. Primary HCAECs were obtained from Lonza Walkersville Inc (Walkersville, MD). Paracellular permeability through the endothelial monolayer was studied in a Coaster Transwell system as previously described [12] .
Western blot
Equal amounts of proteins (40 µg) were loaded onto 7% or 10% SDS PAGE gel and western blotting experiment was performed as previously described [13] . Protein levels of ZO-1, occludin, claudin-1, JAM-1, IκBα, phosphorylated IκBα, and NFκB (p65) were determined by western blot. β-actin or laminin were also detected for loading controls. Selected protein bands were subjected to density analysis using ImageJ software and normalized to β-actin as the fold of control samples.
Real-time RT-PCR analysis
Primers and methods for detecting the mRNA levels of ZO-1, claudin-1, occludin, JAM -1 and VE-cadherin were described in our previous publications [12] [13] [14] .
Flow cytometry
Flow cytometry analyses for the expression of juctional molecules, superoxide anion generation with DHE staining, and mitochondrial membrane potential with JC-1 staining were done as described in our previous publications [12] [13] [14] [15] [16] [17] [18] [19] .
Cellular GSH assay
For GSH-mediated quantification of ROS, HCAECs were treated with either EFV (10 µg/ml,) or pretreated with MnTBAP for 30 min followed by EFV treatment for 45 min. Cellular superoxide anion was indirectly measured as per manufacture's instructions by following a GSH-Glo Glutathione assay kit (Promega, Madison, WI).
Bio-plex luminuoassay
The phosphorylated and total MAPK (ERK1/2, p38, and JNK) and IkBα (phospho-IκBα and total IκBα) were detected by Bio-Plex phosphoprotein and total target assay kits [12] [13] [14] .
Statistical analysis
Data were expressed as the mean ± SD. Comparisons were made using the Student's t-test. A P value <0.05 was considered statistically significant.
Results

EFV increases endothelial monolayer permeability in HCAECs
To determine whether EFV could affect the paracellular permeability of the endothelial monolayer, HCAECs were treated with EFV, and endothelial permeability was analyzed by the Costar transwell system using a Texas-Red-labeled dextran tracer. Treatment of HCAEC monolayer with increasing concentrations of EFV for 24 hrs significantly increased endothelial permeability by 75% compared with untreated cells (Fig. 1A , n = 3, P < 0.05). TNF-α (2 ng/ ml) was used as a positive control since it can significantly increases HCAEC monolayer permeability [15] . Interestingly, antioxidants (ginkgolide B and MnTBAP) effectively blocked EFV-induced permeability in HCAECs compared with EFV treatment (Fig. 1A and 1B, n = 3, P < 0.05).
EFV decreases the expression of endothelial tight junction proteins ZO-1, claudin-1, occludin and JAM-1 in HCAECs
To determine whether EFV could affect the expression of endothelial junctional molecules especially the tight junction molecules at both mRNA and proteins levels. Concentrationdependent treatment (1, 5 and 10 µg/ml, respectively) of HCAECs with EFV for 24 hrs significantly decreased mRNA levels of tight junction molecules ZO-1, claudin-1, occludin and JAM-1. For examples, the treatment of EFV at 10 µg/ml significantly reduced mRNA levels of ZO-1 by 45%, occludin by 40%, claudin-1 by 35%, and JAM-1 by 12% ( Fig. 2A , n = 3, P < 0.05). To further confirm gene expression effects, protein levels of tight junction proteins were determined by western blot and flow cytometric analyses, which showed that EFV treatment substantially decreased protein levels of ZO-1, claudin-1, occludin and JAM-1, respectively, in HCAECs ( Fig. 2B and C) . Antioxidant MnTBAP effectively blocked EFVinduced decrease in these molecules at the protein levels (Fig. 2B ).
EFV increases superoxide anion production in HCAECs
Since oxidative stress due to inflammation and other conditions is involved in increase of endothelial permeability [3, 16] , we investigated whether EFV could increase superoxide anion (the major ROS) production in HCAECs. Cellular superoxide anion levels were determined by staining with fluorescent dye DHE followed by flow cytometric analysis. Cytosolic DHE displays blue fluorescence, whereas after oxidation by oxidants such as superoxide anion and H 2 O 2 it becomes 2-hydroxyethidium and ethidium, displaying red fluorescence. Study indicates that 2-hydroxyethidium, but not ethidium, correlates with supperoxide production [19] . Treatment of HCAECs with increasing concentrations of EFV (1, 5 and 10 µg/ml) for 24 hrs significantly increased the superoxide anion production by 50%, 60% and 70%, respectively, compared with controls, while EFV and gingkolide B co-treatment significantly decreased superoxide anion production compared with EFV treatment alone (Fig. 3A , n = 3, P < 0.05).
Furthermore, cellular superoxide levels were indirectly measured by GSH assay. Superoxide can be converted to H 2 O 2 by superoxide dismutase (SOD), and then H 2 O 2 can be rapidly removed by catalase or peroxidases such as the GSH peroxidases, which use reduced GSH as the electron donor. Thus, cellular GSH levels are negatively correlated to ROS levels. EFV treatment of HCAECs for either 45 min or 2 hrs, significantly reduced the GSH levels, while MnTBAP partially blocked EFV-induced reduction in GSH levels in HCAECs ( Fig. 3B and 3C, n = 3, P < 0.05).
EFV decreases mitochondrial member potential in HCAECs
To determine the potential source of superoxide anion production, we investigated whether EFV could have any effect on mitochondrial membrane potential since increased cellular level of ROS has been associated with loss of mitochondrial membrane potential [17] . JC-1 mitochondrial membrane potential detection kit was used. JC-1 is a cationic dye that indicates mitochondrial polarization by shifting its fluorescence emission from green (~525 nm) to red (~590 nm). This potential-sensitive color shift is due to concentration-dependent formation of red fluorescent JC-1 aggregates. A shift from red to green indicates membrane depolarization. HCEACs were treated for 24 hrs with increasing concentrations (1, 5 and 10 µg/ml, respectively) of EFV and then a flow cytometric analysis was performed. EFV reduced the JC-1 aggregate formation in HCAECs in a concentration-dependent manner as indicated by the reduction of red JC-1 formation. Treatment of HCAECs with 10 µg/ml EFV decreases red fluorescent JC-1 aggregates to 10.72% compared with the control value of 46.91% (Fig. 4A and B, n = 3, P < 0.05). Co-treatment of HCAECs with EFV and gingkolide B for 24 hrs blocked EFV-induced depolarization ( Fig. 4A and B) .
EFV increases the phosphorylation of JNK and IκBα in HCAECs
To determine the involvement of signal transduction pathway in the EFV-induced permeability increase in HCAECs, the total and phosphorylated IκBα, JNK, p38 and ERK1/2 were measured by Bio-Plex luminuoassay. The activation of JNK and IκBα was indicated by the increase of JNK and IκBα phosphorylation. Ratios of phosphorylated to total protein levels for JNK and IκBα, but not p38 and ERK1/2, were substantially increased by about 8-fold at 45 min in EFVtreated (5 µg/ml) HCAECs (Fig. 5A) . To further confirm the functional role of MAPKs in EFV-induced HCAEC permeability increase, specific inhibitors for JNK (SP600125 at 25 µM), ERK1/2 (PD98059 at 50 µM), and p38 (SB203580 at 10 µM) were used in HCAEC cultures with the transwell system. HCAECs were pretreated with inhibitors for ERK1/2, p38, or JNK for 30 min, and then the cells were treated with EFV (5 µg/ml) for 24 hrs. The inhibitor for JNK, but not for ERK1/2 and p38, effectively blocked EFV-induced HCAEC permeability increase (Fig. 5B) . These data are consistent with MAPK activation detected by Bio-Plex immunoassay described above (Fig. 5A) . Furthermore, we infected the cells with a dominant negative JNK adenovirus (JNK-DN-Adv). This virus expresses a mutant form of JNK which can not be phosphorylated and then checked the expression of tight junction molecules by real time PCR under EFV treatment. Infection of JNK-DN-Adv significantly blocked the EFVinduced decrease of tight junction molecule expression in HCAECs including ZO-1, occludin and claudin-1 ( Fig. 5C and D) . Thus, activation of MAPK JNK is important for EFV-mediated decrease of tight junction proteins in HCAECs.
Western blot also confirmed the increase in phospho-IκBα in cytoplasmic extracts of EFVtreated cells compared with controls. EFV treatment increased the NFκB translocation from the cytoplasm to the nucleus. Use of antioxidant MnTBAP or JNK inhibitor effectively blocked the phospho-IκBα levels and inhibited NFκB nucleus translocation in EFV-treated HCAECs (Fig. 6A and B) . In order to directly confirm the functional role of the activation of NFkB in EFV-mediated endothelial permeability increase, we infected HCAECs with an adenovirus expressing a mutant dominant negative form of IkBα. (IκBα-DN-Adv). This mutant form of IkBα can not be phosphorylated and hence inhibits translocation of NFkB into the nucleus. EFV treatment increased the nuclear translocation of NFkB in HCAECs at 45 min compared with untreated cells. Infection of cells with IκBα-DN-Adv reduced the NFkB translocation to the nucleus and EFV treatment failed to increase the NFkB nuclear translocation in IκBα-DNAdv infected cells (Fig. 6C and D) . Thus, NFkB may play an important role in the EFVmediated signaling pathways in HCAECs.
Discussion
In this study, we show that NNRTI EFV significantly increases the in vitro monolayer permeability of HCAECs. The molecular mechanism of EFV-induced permeability increase in HCAECs may be due to the decreased expression of tight junction proteins ZO-1, claudin-1, occludin and JAM-1. These effects are mediated by increased generation of ROS and activation of JNK and NFκB. Accordingly, inhibitors specific to JNK and antioxidants effectively blocked the EFV-induced permeability and oxidative stress in HCAECs. This study suggests a novel effect of EFV, which may contribute to HAART-associated cardiovascular complications in HIV-infected patients.
To determine the paracellular permeability through endothelial cells, we used a costar transwell permeability model. The model has been successfully used in this laboratory to test the effects of ritanovir [18] , lysophosphatidylcholine [14] , stanniocalcin-1 [15] , and secretoneurin [12] on endothelial monolayer permeability. In the present study, this in vitro model was used to test the effect of EFV on paracellular permeability through HCAEC monolayer. HCAECs were grown to confluence on the transwell and then subjected to EFV treatment with different concentrations. Mature monolayer was stained with Calcein AM and checked under fluorescent microscope to make sure the monolayer is confluent and the permeability increase is not due to the leakage through subconfluent HCAECs.
Clinically recommended dose of EFV for adults and children weighing more than 40 kg (88 lbs) is between 100-600 mg once daily that is 2.5 mg to 15 mg/kg, which can generate 4.1±1.2 µg/ml maximal plasma concentration (Cmax) [20] . Keeping this in mind, we selected EFV concentrations between 1-10 µg/ml, which fall within the clinically relevant concentrations. Our results show that EFV treatment of HCAECs for 24 hrs significantly increases endothelial permeability up to a maximum of 75% compared with controls, and this effect of EFV is similar to that of HIV protease inhibitor ritanovir [17] .
Intercellular junctional structures mediate adhesion and communication between adjoining endothelial monolayer and comprise of tight junction molecules including transmembrane proteins such as occludin, claudin and JAM-1, and intracellular proteins such as ZO-1 and cingulin; and adherens junction proteins including transmembrane protein VE-cadherin and intracellular protein β-catenin. Tight junctions serve the major functional purpose of providing a "barrier" and a "fence" within the membrane by regulating paracellular permeability and maintaining cell polarity. In this study, we show that EFV significantly decreases the expression of tight junction molecules ZO-1, occludin, claudin-1 and JAM-1 at both mRNA and protein levels. However, it has no effect on VE-cadherin expression. Other HAART drugs such as ritanovir also decrease the expression of tight junction proteins and thus increase endothelial permeability. Decreased levels of tight junction proteins may contribute to the damage of tight junction and barrier function of endothelial cells in response to EFV and thus may contribute to the development of arteriosclerosis. However, in the current study, we have not directly confirmed the functional roles of tight junction proteins in the EVF-induced endothelial permeability. In future investigation, the experiments including knockdown or overexpression of these molecules could be included.
It is well known that ROS play critical roles in cardiovascular disease. There are several sources of ROS generation in the human body including mitochondria, xanthine oxidase, cytochrome P450-based enzymes, NADPH oxidases, dysfunctional NO synthases, and infiltrating inflammatory cells [20] . ROS cause endothelial barrier dysfunction through alterations in the cytoskeleton and extracellular matrix [21] . ROS are known to quench NO [22] . NO synthesis inhibition can potentiate agonist-induced increases in vascular permeability or increase basal microvascular permeability via an alteration of endothelial actin cytoskeleton [23] . In the present study, we show a concentration-dependent increase of superoxide anion (a main species of ROS) production by EFV in HCAECs. To determine the possible source of superoxide anion production in EFV-treated cells, the change of mitochondrial membrane potential was investigated. As expected, EFV treatment caused a concentration-dependent decrease of mitochondrial membrane polarization resulting in the release of superoxide anion from the mitochondria into the cytosol. Thus intracellular ROS formation and loss of mitochondrial membrane potential might play an important role in EFV-induced endothelial permeability increase.
To further confirm the involvement of ROS, we used the two antioxidants ginkgolide B and MnTBAP, which effectively blocked the EFV-induced increase of vascular permeability and the decrease of tight junction protein expression. Antioxidant effects of ginkgolide B are well documented, and however, its mechanisms of action are largely unknown [24] . In addition, ginkgolide B has many other biological functions. For example, ginkgolide B can specifically inhibit effects of platelet activating factor (PAF) via competitively binding to PAF receptor [25] . In our study, we demonstrated that ginkgolide B effectively inhibited EFV-induced ROS production and endothelial permeability. However, we can not confirm whether ginkgolide A acts on superoxide anion. Therefore, we used a second antioxidant MnTBAP, which has a superoxide dismutase-like activity. Its blocking effects on EFV-induced endothelial permeability can confirm the critical role of superoxide anion in endothelial dysfunction. Both antioxidants also blocked the EFV-induced IκBα activation and NFκB nucleus translocation. Findings from the current study suggest that EFV-induced oxidative stress may be one of the molecular mechanisms involved in the damage of endothelial barrier function and the use of antioxidants may be a novel strategy in preventing HAART-associated cardiovascular complications in HIV-infected patients.
MAPKs (JNK, ERK1/2, and p38) play an important role in mediating cellular responses to a number of agents. In order to check the molecular mechanisms and signal transduction pathways of EFV-induced permeability increase in HCAECs, the involvement MAPKs as well as the role of NFκB were studied. NFκB plays a major role in TNF-α-mediated permeability increase in vascular cells during inflammation [15] . Our study clearly shows JNK MAPK as well as IκBα activation and NFκB nuclear translocation are involved in the EFV-induced endothelial permeability increase. To further confirm the functional significance of these molecular events, specific inhibitors for JNK, p38 and ERK1/2 were used. JNK inhibitor, but not p38 and ERk1/2 inhibitors, effectively blocked the EFV-induced HCAEC permeability increase. This important finding is also confirmed by infection of a dominant negative JNK adenovirus (JNK-DN-Adv). This virus expresses a mutant form of JNK which can not be phosphorylated. JNK-DN-Adv significantly blocked the EFV-induced decrease of tight junction molecule expression in HCAECs. Thus, the signal transduction mechanism of EFVinduced HCAEC permeability increase includes the activation of JNK.
NFkB is a crucial transcription factor that regulates many genes. Prior to cytokine stimulation, NFkB is restricted to the cytosol as an inactive complex with its inhibitors such as IκBα. Upon activation by cytokines, IkBα is phosphorylated, dissociates from the NFkB, and is subsequently ubiquitinated and degraded. This allows active NFkB to enter the nucleus and bind to the NFkB consensus regulatory elements in the promoters of many responsive genes. Consequently, NFkB could increase or decrease the expression of certain specific genes via direct or indirect mechanisms. In the present study, IκBα phosphorylation levels were increased and NFkB was translocated to nucleus 45 min after treatment with EFV, suggesting the activation of NFkB in EFV-treated HCAECs. When we blocked IkBα function in HCAECs by infection of recombinant adenovirus expressing a dominant negative mutant form of IκBα, NFkB translocation to nucleus was suppressed and EFV treatment could not further increase NFkB p65 nuclear translocation. Therefore, NFkB may play an important role in the EFV mediated signaling pathways in HCAECs. NFκB possibly binds to the promoters of the genes expressing tight junction proteins and negatively prevents their expression.
We previously reported that during TNF-α-induced permeability increase, phospho-IκBα is increased and there is also increased translocation of NFkB to the nucleus [15] . In the current study, TNF-α was used as a positive control to demonstrate the reliability of the cell culture system. We have noticed that TNF-α (2 ng/ml) and EFV (5 and 10 µg/ml) have a similar effect on HCAEC permeability, while having marked difference in the phosphorylation of IκBα and nuclear translocation of NFκB. This observation suggests that the contribution of IκBα/NFκB activation to EFV-induced endothelial permeability is different from TNF-α.
HAART drug combinations, consisting of zidovudine, a nucleoside reverse transcriptase inhibitor; EFV and either of the two protease inhibitors (PIs), indinavir or nelfinavir, increased mononuclear cell adhesion and intercellular adhesion molecule-1 (ICAM-1) gene expression and concomitant exposure to TNF-α further increased ICAM-1, vascular cell adhesion molecule-1 (VCAM-1), and endothelial-leukocyte adhesion molecule cell surface protein levels in human aortic endothelial cells [26] . ICAM-1 and VCAM-1 are particularly important for firm, integrin-mediated adhesion of leukocytes to endothelial cells and subsequent transendothelial migration [27] . Future investigations could focus on the potential posttranscriptional mechanism of EFV-mediated decrease of junctional proteins such as ROSmediated phosphorylation of tight junction molecules and ubiquitin proteosome-mediated degradation of phosphyrylated proteins. It is also important to study the expression endothelial adhesion molecules and inflammatory effects such any transendothelial migration of leukocytes through endothelial cells in response to EFV treatment. Identifying these pathways should reveal new targets for therapeutic intervention that will be relevant for treating HAARTassociated vascular complications, inflammatory diseases and the many pathologic situations where vascular permeability is adversely affected.
In conclusions, the present study demonstrates a new function of EFV, which increases vascular permeability in HCAECs. The underlying molecular mechanisms may involve downregulation of tight junction proteins, oxidative stress, and activation of NFκB and MAPK JNK. The understanding of molecular mechanisms and development of new therapeutic strategies for EFV-induced endothelial dysfunction may contribute to the prevention or treatment of HAART-associated cardiovascular complications in HIV-infected patients. Reducing oxidative stress or inhibiting JNK activation may be new strategies for this purpose.
Supplementary Material
Refer to Web version on PubMed Central for supplementary material. Effects of EFV, gingkolide B and MnTBAP on endothelial monolayer permeability in HCAECs. Endothelial monolayer permeability was tested with a transwell system and a Texas Red labeled dextran tracer. (A) Concentration-dependent study. HCAECs were treated with increasing concentrations of EFV (1, 5 and 10 µg/ml) or with TNF-α (2 ng/ml) as a positive control for 24 hrs. Ginkgolide B (50 µM) was used to block EFV-induced endothelial permeability. (B) MnTBAP (a SOD mimetic antioxidant) effectively blocked EFV-induced endothelial permeability. HCAECs were treated with 5 µg/ml EFV in the presence of 2 µM MnTBAP for 24 hrs. n = 3, *P < 0.05. **P < 0.01. Effects of EFV, ginkgolide B and MnTBAP on superoxide anion production in HCAECs. (A) Superoxide anion levels were determined by fluorescent dye DHE staining followed by flow cytometry analysis. HCAECs were treated with different concentrations of EFV (1, 5 and 10 µg/ml, respectively) for 24 hrs, and then stained with DHE (3 µM, 20 min). n = 3, *P < 0.05. Co-treatment of HCAECs with ginkgolide B and EFV for 24 hrs significantly reduced DHE-positively stained cells. HCAECs were treated with either EFV (10 µg/ml,) or pretreated with MnTBAP for 45 min (B) and 2 hrs (C). Cellular superoxide anion was indirectly measured. Treatment of HCAECs with antioxidant MnTBAP significantly reduced EFV-induced ROS generation. n = 3, *P < 0.05. Error bars represent standard deviations (SD). Effects of EFV on IkBa phosphorylation and NFkB nuclear translocation. (A). The protein levels of total IκBα and phospho-IκBα in the cytoplasmic extract, and nucleus-translocated NFκB in the nucleus extract were determined by western blot analysis. Loading efficiencies for cytoplasmic extract and nuclear extract were determined by reprobing the blot with antibodies against β-actin and laminin, respectively. Specific antibody against NFκB subunit p65 was used to detect this protein in the whole cell extract. Relative density of the protein bands of phospho-IκBα was normalized to β-actin as the fold of the control. (B) The protein levels of NFkB in the nucleus extract were determined by western blot analysis. Loading efficiencies were determined by reprobing the blot with the antibody against β-actin. Specific antibody against NFkB subunit p65 was used to detect this protein in the nuclear extract. Antixodant MnTBAP blocked the effect of EFV. TNF-α was used as a positive control. Relative density of the protein bands of NFκB (p65) was normalized with corresponding β-actin bands. (C) HCAECs were infected with an adenovirus containing a dominant negative form of IκBα (IκBα-DN-Adv) for 48 hrs. Cytoplasmic extracts were purified using NE-PER Nuclear and Cytoplasmic Extraction Reagents. Expression of IkBα was determined by western blot analysis. Loading efficiencies were determined by reprobing the blot with the antibody against β-actin. (D) HCAECs were infected with IκBα-DN-Adv (inhibition of IκBα) or GFP-Ad-GFP as a negative control for 48 hrs and the nuclear extract was prepared. Nuclear NFkB (p65) levels were determined by western blot analysis. For EFV effects, HCAECs expressing IkBα-DN-Adv were treated with EFV (10 µg/ml) for 45 min. Loading efficiencies were determined by reprobing the blot with the antibody against β-actin. Relative density of the protein bands of NFκB (p65) was normalized with corresponding β-actin bands as the fold of control.
